Introduction {#S0001}
============

The molybdenum cofactor is necessary for the catalytic activity of four enzymes in humans: xanthine dehydrogenase, sulfite oxidase, aldehyde oxidase and mitochondrial Amidoxime Reducing Component (mARC).[@CIT0001],[@CIT0002] Mutations in the genes that encode this cofactor lead to a very rare disease with an unknown prevalence and around 150 cases have been described so far.[@CIT0003]

It is an autosomal recessive disease, characterized by a rapidly progressive severe neurological damage. It mimics a hypoxic-ischemic encephalopathy, resulting from the accumulation of toxic metabolites, mostly sulfite and S-sulfocysteine (SSC), which causes rapid neurodegeneration after the delivery being eventually lethal, similar to the rare isolated sulfite oxidase deficiency.[@CIT0001],[@CIT0004]--[@CIT0007] Therefore, it is a very serious pathology that usually causes death in the immediate neonatal period. Patients who overcome it show a severe mental disability, prostration in bed and very poor quality of life.[@CIT0001],[@CIT0004]

Below we present the case of a patient with two consecutive pregnancies with fetal diagnosis of mega cisterna magna (MCM) as the only prenatal pathological finding, with early neonatal death of both siblings after the first week of life and diagnosis of molybdenum cofactor deficiency after the second pregnancy.

Clinical Report {#S0002}
===============

A 25-year-old patient, nulliparous, black race, with no relevant background except consanguinity with her couple, was attended in our Hospital for her first gestation. The follow-up of the pregnancy was uneventful, with serological and ultrasound controls at 20 and 32 WG within normality, without growth restrictions or microcephaly. Aneuploidy screening was not performed because of delay in obstetric control. Eutocic delivery was attended at 38 WG and a female of 3130 g was born, Apgar score 9/10/10 and umbilical arterial pH 7.35. At birth, she had rough facial features, small and low-set auricular pavilions, sunken nasal bridge, broad forehead and important nuchal fold. At 30 hrs after birth, she debuted with repeated episodes of apnea, desaturation and bradycardia that required intubation and mechanical ventilation, hypotension, metabolic acidosis and increased C-reactive protein (CRP). Subsequently, she developed tonic-clonic seizures and myoclonus resistant to anticonvulsant treatment, as well as periods of areflexia-hyperreflexia. An empirical treatment test for early neonatal epileptic encephalopathies with biotin, pyridoxine and folic acid was performed without success. The metabolic study revealed an increase in lactic acid in cerebrospinal fluid suspected of mitochondrial pathology. Magnetic resonance imaging (MRI) of the brain showed, from a morphological point of view, hypoplastic cerebellum with MCM. From a functional approach, there was a signal alteration in diffusion-weighted imaging (DWI) with relatively asymmetric cortico-subcortical involvement and implication of deep brain structures with thalamic, striatal and corticospinal tract involvement. There was hypersignal in DWI and hyposignal in the apparent diffusion coefficient (ADC) maps. The blood tests did not show parameters of infection and the cultures were negative. She presented cardiorespiratory arrest and secondary death to convulsive status refractory to treatment on the tenth day of life. The diagnosis of severe neonatal epileptogenic encephalopathy of probable inborn error of metabolism (IEM) origin was established. The parents rejected neonatal necropsy and karyotype.

One year later, the patient came to the consultation with a new spontaneous pregnancy and it was controlled in the High Obstetric Risk consultation due to her history of early neonatal death. At 20 WG, the morphological ultrasound was normal. However, at 26 WG showed MCM and cavum vergae. At 29 WG MRI showed the same findings with enlargement of MCM ([Figure 1](#F0001){ref-type="fig"}). At 33 WG, persistence of MCM (17mm) and dilated III ventricle (9mm) was observed in ultrasound. No growth restrictions or microcephaly were found. After eutocic delivery at 38 WG (male newborn, Apgar score 9/10/10, 3042 g, umbilical arterial pH 7.40), he began a progressive neonatal deterioration similar to the previous one. From a morphological point of view, the most remarkable MRI findings were MCM and cavum vergae, and from a functional approach, signal impairment in structures such as thalamus, brainstem and basal ganglia. Also, there was diffuse subcortical involvement with hypersignal in T2 weighted images, all initially labeled as hypoxic-ischemic encephalopathy.Figure 1Prenatal neurosonography of the second pregnancy. (**A**) Ultrasound at 21 WG, cisterna magna of 8.9 mm (arrow). (**B**) Ultrasound at 26+4 WG, mega cisterna magna (MCM) 11mm (arrow). (**C**) Ultrasound at 28 WG, MCM of 15.6mm (arrow). (**D, E**) Magnetic resonance imaging (MRI) in T2_HASTE at 29 WG, MCM of 17mm and presence of cavum vergae (arrows). White crosses indicate the measurements of the cisterna magna. The numeric value is included in each figure. 

The blood test highlighted hypouricemia (0,2mg/dl) and the urine test showed very high excretion of sulfocysteine (125 mmol/mol creatinine) and xanthines (711 mcrmol/mmol creatinine). Finally, he presented desaturation, sudden bradycardia resistant to treatment and the neonate died 11 days after birth. The subsequent metabolic and genetic study showed a combined deficiency of xanthine dehydrogenase and sulfite oxidase (molybdenum cofactor deficiency) caused by homozygous mutation in the MOCS1 gene (c.721delC/p.L241fs_246X). Therefore, presence of mutation of the MOCS1 gene in heterozygosis in both parents was confirmed.

Months later, the patient was pregnant again. The ultrasound parameters of the control at 20 WG were within normal. Finally, the patient accepted the diagnostic amniocentesis being negative for the molybdenum cofactor deficiency. After eutocic delivery in 38 WG, a completely normal girl was born.

Discussion {#S0003}
==========

The enzymes that depend on the presence of the molybdenum cofactor are xanthine dehydrogenase, sulfite oxidase, aldehyde oxidase and mitochondrial amidoxime reducing component (mARC).[@CIT0001],[@CIT0002] The first one is involved in the purines degradation and the uric acid formation whose deficit would only cause the formation of xanthine stones.[@CIT0001],[@CIT0005] The second one intervenes in an essential step in the degradation of sulfurized amino acids such as cysteine and methionine (sulfite-sulfate),[@CIT0002] whose alteration is probably the cause of a serious encephalopathy ([Figure 2](#F0002){ref-type="fig"}). The enzyme aldehyde oxidase and mARC do not intervene in metabolic pathways relevant to the neonate survival, and pathologies due to isolated alterations of these enzymes have not been described in the literature.[@CIT0001]Figure 2Metabolic pathway with enzymes dependent on the molybdenum cofactor. Left, the sulfur-containing amino acid metabolism, with the accumulation of sulfite and s-sulfocysteine due to sulfite oxidase deficiency (dependent molybdenum cofactor enzyme). On the right, the purine metabolism with accumulation of hypoxanthine and xanthine in blood, as well as the decrease of uric acid levels in the blood.

Genetically, three types of molybdenum cofactor deficiency can be distinguished. Type A, MOCS1 gene mutation (more than 60% of the cases),[@CIT0004],[@CIT0008] which under normal conditions gives rise to an intermediate metabolite of the synthesis chain of the molybdenum cofactor, cPMP (cyclic Piranopterin Monophosphate). Type B, MOCS2 or MOCS3 gene mutation which participates in the formation of the molybdopterin (MPT).[@CIT0002],[@CIT0003] Finally, Type C is caused by GPHN gene mutation that intervenes in the last step prior to the formation of the cofactor and only one case described in the literature ([Figure 3](#F0003){ref-type="fig"}).[@CIT0002],[@CIT0009]--[@CIT0011]Figure 3Biosynthesis of the molybdenum cofactor and the disease classification.

There is a classic form of the disease observed in the first weeks of life and an atypical one characterized by a late onset.[@CIT0004],[@CIT0006],[@CIT0012],[@CIT0013] In the classical variant, patients manifest a crude facial phenotype with depressed hyperteloric eyes, elongated palpebral fissures and late-onset lens dislocation.[@CIT0001],[@CIT0002],[@CIT0005] In addition, they have thickened lips and broad philtrum, thick cheeks, small nose and microcephaly.[@CIT0002],[@CIT0005],[@CIT0006] They usually debut with seizures that do not yield with medical treatment, spasticity and feeding difficulties. The estimated survival is between a week and a few months. In the few cases that exceed the month of life, patients present very severe mental disability, severe psychomotor delay, tetraparesis, bed rest and very poor quality of life.[@CIT0001],[@CIT0002],[@CIT0005],[@CIT0006]

There have been 13 cases described in the literature of the atypical form of the disease.[@CIT0014] Normally debuts later in life after other illness or infection process that triggers the symptoms of the disease with variable manifestations like psychomotor delay and extrapyramidal and pyramidal symptoms.[@CIT0014] A residual molybdenum cofactor enzymatic function can usually be found and all three MOCS genes had been involved in this variant.[@CIT0012]--[@CIT0014] Probably, there are other similar cases that have not been diagnosed due to their mild clinical symptoms that can be confused with other pathologies.

At the beginning of pregnancy, diagnosis can be made by a chorionic biopsy, detecting the sulfite oxidase deficiency in the chorionic villi.[@CIT0002],[@CIT0005] Amniocentesis is useful to detect high levels of SSC in amniotic fluid and to search the specific fetal DNA mutations.[@CIT0002]

The findings in the neuroimaging are heterogeneous, they do not have a characteristic chronology nor are they pathognomonic. The most frequent alterations are bilateral ventriculomegaly, MCM and microgyria due to the significant cerebral atrophy observed in these patients.[@CIT0001],[@CIT0004],[@CIT0006] In addition, multiple subcortical cysts, basal ganglia lesions with involvement of the caudate and the thalamus,[@CIT0002],[@CIT0003],[@CIT0005],[@CIT0015] cerebellar hypoplasia,[@CIT0002],[@CIT0006],[@CIT0015] dysgenesis of the corpus callosum,[@CIT0004],[@CIT0005] cerebral and diffuse cytotoxic edema and the neuroradiological walnut aspect of the brain have been observed.[@CIT0004]--[@CIT0006] After the delivery, cortico-subcortical lesions can be observed with non-uniform distribution on DWI, showing different dates of brain injuries due to the accumulation of the toxic metabolites.[@CIT0004] This MRI finding can help us in the differential diagnosis with hypoxic-ischemic encephalopathy, in which the increased signal on DWI is seen throughout all cortical and subcortical areas.[@CIT0004]

The finding of MCM is observed in 1/100 newborns and may be a variant of normality. However, we should rule out vermian hypoplasia, Dandy--Walker malformation, presence of Blake's cyst, posterior fossa arachnoid cyst, ischemic lesions, cytomegalovirus infection and 18 trisomy, mainly. After discarding these possibilities, we must think about molybdenum cofactor deficiency, especially if there is a history of consanguinity or siblings who died in the immediate neonatal period with seizures refractory to treatment.

In the literature, there are few cases diagnosed prenatally and, mostly, by antecedents of previously affected siblings, so it is difficult to determine when the brain insult begins. In 2011, Cami-Nawi et al presented a case with a mutation in the MOCS1 gene where alterations in brain ultrasound are observed from 35 WG with numerous subcortical cavities, ventriculomegaly, dysgenesis of the corpus callosum and a hypoplastic cerebellum with MCM.[@CIT0015] In 2018, Lubout et al also reported data from the prenatal MRI of two cases with MOCS1 gene mutation that suggested a possible early brain injury at 32 WG consisting in MCM and smaller cerebellum in one of them and at 36 WG, a mild enlargement of lateral ventricles in both cases.[@CIT0016] On the other hand, in a series of 8 cases published by Vijayakumar K in 2011, microcephaly, MCM, ventriculomegaly, acute symmetrical subthalamic lesions and in globus pallidi, chronic hemispheric infarctions related to prenatal lesions and other findings were observed in postnatal imaging tests.[@CIT0017] In the first gestation of our case, ultrasound controls until 32 WG were normal. However, in the second pregnancy, changes were observed from 26 WG with MCM and presence of cavum vergae ([Figure 1](#F0001){ref-type="fig"}). Unlike what was initially believed, both our findings and those presented in the literature suggest a placental filtration deficit of toxic metabolites, reflected in neuroimaging by ultrasound and MRI from the beginning of the third trimester although less evidently than postnatally. In addition, cerebral damage by sulfite seems to be greater with the increase of consumption of adenosine triphosphate (ATP) after delivery.[@CIT0004]

In the immediate postnatal period, we should suspect the presence of this pathology mainly if there are seizures refractory to treatment. For the preliminary diagnosis, it is possible to look for the presence of different elevated metabolites in urine such as sulfite and its secondary products, thiosulfite and SSC,[@CIT0001],[@CIT0006],[@CIT0009] xanthine and taurine. These products accumulate due to a deficiency of the enzymes dependent on the molybdenum cofactor ([Figure 2](#F0002){ref-type="fig"}).[@CIT0001],[@CIT0006] We can perform a rapid laboratory analysis of sulfites using a test strip but with a high percentage of false negatives, caused mainly by taking the sample very early after birth or by delays in the study of the sample after its emission.[@CIT0001],[@CIT0002],[@CIT0005],[@CIT0006],[@CIT0009] Another alternative is the use of high-performance liquid chromatography (HPLC) with a high sensitivity for the detection of SSC in urine, useful for the diagnosis and patients monitoring.[@CIT0009] In peripheral blood, low levels of uric acid and increase of xanthines are indicative of xanthine dehydrogenase deficiency.[@CIT0001],[@CIT0005],[@CIT0009] On the other hand, hypohomocysteinemia, the increase in urine of sulfite and its derivatives along with a normal or low xanthine and normal uric acid in blood and urine guide us to the isolated deficiency of sulfite oxidase with a similar phenotype.[@CIT0007],[@CIT0009] Therefore, the molybdenum cofactor deficiency will cause a combined enzymatic alteration, where all the mentioned analytical parameters could be seen. The definitive postnatal diagnosis is reached by the detection of a low cofactor activity or a sulfite oxidase deficiency in a skin fibroblast culture.[@CIT0002],[@CIT0006] Differential diagnosis should be made with isolated deficiency of sulfite oxidase, neonatal hypoxic-ischemic encephalopathy, hyperekplexia and amino acid intolerance.[@CIT0001],[@CIT0002],[@CIT0006] For the first one, the clinical presentation and neuroimaging are indistinguishable from molybdenum cofactor deficiency and it is necessary both genetic testing and measurement of the metabolites described above.[@CIT0007],[@CIT0009] The differential diagnosis with neonatal hypoxic-ischemic encephalopathy can be made through genetic testing for MOCS genes and the neuroimaging findings mentioned above. The hyperekplexia debuts with an exaggerated startle reaction to stimuli and spasticity that subsides with sleep, no seizures, no dimorphic features and genetic analysis and electroencephalogram is advisable.[@CIT0018] Finally, amino acid intolerance should be ruled out with tandem mass spectrometry and other laboratory tests that indicate abnormal quantities of amino acids in blood and urine.[@CIT0019]

In the past, numerous treatments have shown no benefit such as tetrahydrobiopterin, D-penicillamine, food intake restriction containing sulfur amino acids, sulfate supplementation and the direct administration of molybdenum cofactor.[@CIT0002],[@CIT0006] In cases where the MOCS1 gene is altered (Type A, more than 60% of the cases), there is a deficit of cPMP, the immediate more stable precursor of molybdenum cofactor, that has provided promising results in the treatment of the disease. Recently, it has been seen that administering cPMP as substitution therapy does not improve the brain damage already produced but prevents its progressive worsening.[@CIT0001],[@CIT0002],[@CIT0008] In 2012, Hitzert et al published a case diagnosed prenatally, induction of labor 36 WG and treatment of the newborn a few hours after with cPMP through a central line with good results.[@CIT0008] After a daily treatment with cPMP, the patient manifested an almost normal neurodevelopment.[@CIT0008] Lubout et al published a case where the treatment is administered shortly after termination of pregnancy in 39 WG, presenting at 41 months an inferior Bayley scale development (18--26 months).[@CIT0016] However, cPMP is available in very few centers worldwide so few patients have access to it currently. At the end of 2017, Kumar et al published an article demonstrating that the use of antagonists of N-methyl-D-aspartate receptor (NMDA-R) such as memantine may help to delay neuronal death until the initiation of cPMP treatment in cases of the MOCS1 gene mutation.[@CIT0020]

The molybdenum cofactor deficiency type C by mutation of the GPHN gene is one of the rarest and most severe of all (only one case described in the literature) and it has been demonstrated in cell cultures that the repeated administration of high doses of inorganic molybdenum can be effective only in the treatment of the disease caused by this gene.[@CIT0001],[@CIT0011] On the other hand, the response to a low-methionine diet has been poor in the case presented by Mayr et al (MOCS1 mutation, atypical variant),[@CIT0012] but successful in the case reported by Huijimans et al (MOCS3 mutation, atypical variant) with an improvement of symptoms.[@CIT0013]

In some articles, labor induction is recommended before 37 WG or when lesions are observed in neurosonography for early initiation of treatment with cPMP.[@CIT0016] However, in some cases like ours, these alterations can be as early as in 26 WG, when ending a pregnancy with extreme prematurity usually has serious consequences.

Conclusion {#S0004}
==========

IEM are rare and potentially serious diseases with little information available because of the low number of cases diagnosed in the world. For this reason, the management of this type of pathologies must be centralized in tertiary hospitals with specific units.

This entity must be considered before the finding of seizures resistant to medical treatment with clinical and radiology reminiscent of perinatal hypoxic-ischemic encephalopathy, especially in the context of consanguinity. In addition, we must reject the intolerance to amino acids and hyperekplexia.[@CIT0001],[@CIT0002],[@CIT0006]

The genetic counselling of the parents is essential to avoid new cases in the future. In our case, the diagnosis is delayed until the death of the second sibling due to rejection by the parents of necropsy and genetic diagnosis of the first newborn.

Obtaining an intrauterine genetic diagnosis is even more important after the discovery of the molybdenum cofactor precursor cPMP therapy and its good results in the neurodevelopment of the newborn if it is administered immediately after delivery. The timing of the induction of labor should be carefully evaluated due to the growing evidence of the brain alteration onset before the pregnancy comes to term. According to the literature published up to the present time, this is the case where lesions in neurosonography have been evidenced earlier.
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